Over the past decade, topological materials-in which the topology of electron bands in the bulk material leads to robust, unconventional surface states and electromagnetism-have attracted much attention. Although several theoretically proposed topological materials have been experimentally confirmed, extensive experimental exploration of topological properties, as well as applications in realistic devices, has been restricted by the lack of topological materials in which interference from trivial Fermi surface states is minimized. Here we apply our method of symmetry indicators to all suitable nonmagnetic compounds in all 230 possible space groups. A database search reveals thousands of candidate topological materials, of which we highlight 241 topological insulators and 142 topological crystalline insulators that have either noticeable full bandgaps or a considerable direct gap together with small trivial Fermi pockets. Furthermore, we list 692 topological semimetals that have band crossing points located near the Fermi level. These candidate materials open up the possibility of using topological materials in next-generation electronic devices.
Since the discovery of two-dimensional (2D) and three-dimensional (3D) topological insulators-materials that are insulating in their interior but electrically conductive on their surface-the topology of electronic bands in condensed-matter materials has attracted broad interest 1, 2 . Soon after that discovery, the important role of symmetries in topological materials was recognized, and various novel topological crystalline phases (TCPs) were proposed [3] [4] [5] : mirror Chern insulators 6 , hourglass fermions 7 , higher-order topological insulators [8] [9] [10] [11] [12] [13] , wallpaper fermions and the nonsymmorphic Dirac insulator 14 , and so on. In addition to the various forms of topological (crystalline) insulators, topological semimetals (TSMs) 15 with distinct quasi-particle properties-such as Dirac [16] [17] [18] , Weyl [19] [20] [21] , nodal-line 22 and nodal-chain 23 TSMs, as well as those from threefold (or higher) band degeneracies 24 -also attracted a lot of attention. Exploring their novel properties and their connections to fundamental physics is one of the central research topics of contemporary condensed-matter physics and materials science.
Topological materials can be characterized by their robust, unconventional properties 1, 2, 15 , such as the presence of surface/edge states, absence of backscattering, topological Fermi arc surface states, highly anisotropic negative longitudinal magnetoresistance resulting from chiral anomalies, nontrivial quantum oscillations, nonlocal transport behaviours, photoinduced anomalous Hall effects, non-Abelian statistics resulting from the locking of spin momentum and associated superconductivity, and many other novel quantum behaviours. Leveraging these properties, topological materials could enable low-power and high-speed devices for application in advanced spintronic, magnetoelectric and optoelectronic industries. However, despite intense research efforts, excellent topological-material candidates for realistic technological application remain difficult to come by.
As one of the best known topological insulators, the bismuth selenide (Bi 2 Se 3 ) family has bulk bandgaps of typically a few hundred millielectronvolts 25, 26 . Unfortunately, native defects tend to dope the chemical potential of these materials into the bulk conduction or valence band 27 , leading to metallic states that mask the topological response of the otherwise insulating bulk. Only through recent heroic efforts to modify the chemistry have better insulating properties been achieved 28 .
Existing TCP materials 5 suffer similar problems. For instance, the mirror-Chern insulator tin telluride (SnTe) 6 is always heavily p-type and shows unwanted bulk conductivity 29 .
As for Weyl semimetals such as tantalum arsenide (TaAs), the Weyl points are usually located slightly away from the Fermi level and the node separation in momentum space is typically small 20, 21 ; this leads to the coexistence of trivial Fermi pockets and small Fermi arcs. On the other hand, the Dirac nodes in sodium bismuth (Na 3 Bi; ref. 17 ) and cadmium arsenide (Cd 3 As 2 ; ref. 18 ) are indeed located exactly at the Fermi level. However, the former material is not air-stable and the latter is toxic, limiting their potential for extensive experimental studies and technological applications.
Very recently, by integrating advances in the theory of TCPs [30] [31] [32] -in particular the theory of symmetry indicators 30, 32 -into ab initio calculations 33, 34 , we have developed a theoretical method for systematically discovering topological materials 33 . Our algorithm efficiently categorizes any given material into one of the three cases 33 : case 1, possibly an atomic insulator; case 2, definitely topologically nontrivial; and case 3, definitely owning symmetry-protected band crossings. We used this method to predict a large number of TCPs 33, 34 , and some of our predictions have already been experimentally confirmed 35 (Y.G. Yao et al., personal communication). Here, we employ our theoretical method to study all of the suitable nonmagnetic materials presented in a structural database 36 .
Materials search
We use the paradigm of materials search detailed in ref. 33 , which can be summarized into three steps for any space group. First, we compute a basis for the space of symmetry representations through an inspection of atomic insulators (see Supplementary Information for a tabulation of the bases found). Second, we perform ab initio calculations to compute the irreducible representations of the electronic bands at the highsymmetry momenta for all of the nonmagnetic stoichiometric materials listed in the Inorganic Crystal Structure Database (ICSD; http://www2. fiz-karlsruhe.de/icsd_home.html) 36 . Third, we apply the theory of symmetry indicators 30 to expose the candidate topological materials.
, the vast majority of them are nonstoichiometric and/or contain typical magnetic ions. For most of the materials with typical magnetic ions in this database 36 , the experimental magnetic properties are unavailable. Moreover, electronic correlations typically have pronounced effects on the electronic and magnetic properties of compounds containing 3d/4f ions, and one usually needs the local density approximation plus Hubbard U (LDA + U) or the LDA plus dynamical mean-field theory (LDA + DMFT) schemes, which have adjustable parameter U values, to take into account the Coulomb interactions in these systems 37 . Therefore, to improve the reliability of our predictions, we remove such systems from our materials search. The electronic correlation effect may also be important in compounds containing the 4d/5d elements technetium (Tc), rubidium (Ru), rhodium (Rh), osmium (Os) and iridium (Ir) 19, 38, 39 , and so these compounds are also excluded. Similarly, we remove 5f compounds, which have the added concern that the majority of them are radioactive and are unsuitable for realistic applications. These filters bring the number of relevant materials from all 230 space groups down to 19,143, which we pass on to the next step of the analysis. To improve the reliability of our materials prediction, we crosscheck results obtained from the standard generalized gradient approximation (GGA) 40 calculation against those from calculations based on the modified Becke-Johnson (mBJ) potential 41 (see Methods). This minimizes the possibility of misdiagnosing the topological properties of materials because of the systematic underestimation of bandgaps in GGA 42 . As in our previous work 33, 34 , we find a good fraction of the materials (10,897 out of 19,143) to be candidates for topological materials, although most of them have undesirable features such as dirty Fermi surfaces or band crossing points that are located far away from the Fermi level. To be of practical use, it is important to further select out the most promising candidates. Among them, we found hundreds of topological insulator and topological crystalline insulator (TCI) candidates that are nearly ideal, and they are respectively tabulated in Tables I and II in the Supplementary Information. A topological insulator or TCI candidate is listed there either if they have a full bandgap, or if they have a continuous gap together with a relatively clean Fermi surface where the size of the trivial pockets is less than around 10% of the Brillouin zone volume. Some of these materials have a full bandgap of 25 meV-roughly the scale of the thermal excitation energy at room temperature-and they are highlighted in Table III of the Supplementary Information. Similarly, in Table IV of the Supplementary Information we list TSM candidates for which the band crossing points are within 0.5 eV of the Fermi level. For completeness, we also provide the preselection list of materials in the Supplementary Information (see http://ccmp.nju. edu.cn for the crystal structures and band dispersions of the found topological materials). Furthermore, we give the atomic insulator basis for each space group-a key to our theoretical method-so that one could easily use our scheme for diagnosing the topological materials.
We note that approximately 25% of the topological materials identified from GGA are found to be trivial in mBJ calculations. This highlights the importance of crosschecking the two methods, and we indicate their (dis)agreements in Tables I and II 
Topological insulators
Here we discuss two representative topological-insulator materials, one with a full gap and the other with a sizable direct gap and a relatively clean Fermi surface. We analyse them in detail as follows. Silver zirconium (Ag 2 Zr) crystalizes in the body-centred orthorhombic Bravais lattice in space group 139. The symmetry indicator group is X BS = Z 2 × Z 8 (ref. 30 ). We find the 46 valence bands to take a symmetry indicator of (0,1), indicating that it is a strong topological insulator, which could also be diagnosed using the Fu-Kane parity criterion 43 . While the direct bandgap is 300 meV or larger in most of the Brillouin zone (Fig. 1a) , the smallest direct gap found is about 47 meV, which is still higher than room temperature (25 meV). In addition, there are also small trivial Fermi pockets which contribute a small density of states at the Fermi level. Nonetheless, given that the Fermi surface is relatively clean, topological signatures such as surface states could still be experimentally observable.
Our second candidate for a strong topological insulator is Ba 11 Bi 14 Cd 8 , which crystalizes in space group 12. The symmetry indicator group is X BS = Z 2 × Z 2 × Z 4 (ref. 30 ), and we found the symmetry indicator to be (0,1,1), indicating that it is a strong topological insulator. Unlike the previous example, Ba 11 Bi 14 Cd 8 has a full bandgap of around 34 meV, according to the mBJ calculation (Fig. 1b) . Thus, it will be interesting to see whether Ba 11 Bi 14 Cd 8 can display robust topological features.
Topological crystalline insulators
While time-reversal symmetry protects the strong topological insulator, the richness of spatial symmetries leads to a great variety of TCPs [3] [4] [5] 13, [30] [31] [32] [44] [45] [46] . From the many materials candidates for TCIs that we discovered, we choose two representatives to discuss in detail: barium germanide (BaGe; Fig. 2a ), which has a large direct gap of roughly 300 meV in most of the Brillouin zone but reaches a smallest gap of about 60 meV in a narrow region; and Bi 2 Se 2 (Fig. 2b) , which has a full bulk gap.
BaGe crystalizes in space group 63, whose symmetry indicator group is X BS = Z 2 × Z 4 (ref. 30 ). It is known that if the strong symmetry indicator in Z 4 is odd-that is, 1 or 3-then the material must be a strong topological insulator. However, in general the symmetry indicator does not fully map out the band topology: when the value is even, one knows only that the strong index 43 is trivial, and the precise TCP it is in can be determined only through further analysis 13, 45 . Here, we found that the symmetry indicator (1,0) ∈ Z 2 × Z 4 , which indicates that BaGe is not a strong topological insulator and must be a weak topological insulator. Owing to the described ambiguity, however, further analysis-such as the computation of mirror Chern numbers-will be necessary to ascertain the precise phase of BaGe. 
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Next, we consider Bi 2 Se 2 , in space group 164. For this space group, we found the symmetry indicator group to be X BS = Z 2 × Z 4 (ref. 30 ), and that the symmetry indicator of Bi 2 Se 2 is (1,2), which implies that it must be a TCI. For the ab initio calculated parities, we find that the 3D topological invariants 43 (ν 0 ;ν 1 ,ν 2 ,ν 3 ) = (0;1,1,1), indicating that it is a weak topological insulator. Furthermore, from the results of refs. 13, 45 we know either that Bi 2 Se 2 has mirror-protected surface Dirac cones, or that it features rotation-protected Dirac cones together with coexisting hinge states.
Topological Dirac semimetal
We also discovered numerous topological semimetals and offer a representative Dirac semimetal as follows: palldium oxide (OPd), in space group 131. OPd crystallizes in the tetragonal structure whose point group is D 4h . Our algorithm indicates that the material belongs to case 3 (ref. 33 ), with necessary band crossings near the Fermi energy. We further find that such a band crossing happens along the high-symmetry line AM (Fig. 3) , resulting in a Dirac point. This Dirac point is protected by the C 4v symmetry, and is stable unless strain or pressure lowers the symmetry and gaps out the Dirac point. The Fermi level nearly intersects the band crossing point, and thus the low-energy physics is governed mainly by the Dirac physics, making it a promising material for applications.
Discussion
Our predictions of the topological properties of the above materials are based on not only the GGA but also the mBJ method. While we have discussed several representative topological materials here, we also, in the Supplementary Information, tabulate all of the other nearly ideal candidate topological materials that we found using the GGA method, alongside the results of our mBJ crosscheck on the topological properties of the topological insulators and TCIs. We further bring out the 9.9% of nearly ideal candidate topological materials from all of the potential such materials found in the search, which showcase a great structural and chemical variety compared with conventional topological materials. Some of these materials might overcome the shortcomings of existing candidates, and this could expedite experimental progress towards the technological application of topological materials. Finally, we remark that some classes of topological material cannot be diagnosed by the symmetry-indicators scheme, with the nonmagnetic Weyl semimetals such as TaAs 20,21 being a notable example. Developing systematic and cost-effective methods to explore the topological nature of materials in case 1 will be an interesting future direction.
Online content
Any methods, additional references, Nature Research reporting summaries, source data, statements of data availability and associated accession codes are available at https://doi.org/10.1038/s41586-019-0937-5. 
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MethodS
Our ab initio calculations are based on WIEN2K, one of the most accurate packages 47 . We consider spin-orbital coupling in all of our calculations. The standard GGA with Perdew-Burke-Ernzerhof (PBE) realization was adopted for the exchange-correlation functional 40 . However, it is well known that the GGA calculation tends to underestimate the bandgap, an important aspect of topological materials, and consequently the GGA-based prediction of topological materials is not always reliable 42 . By contrast, the mBJ potential 41 gives bandgaps that are in good agreement with experiments for a wide variety of simple semiconductors and insulators 41, 48, 49 . Moreover, it also produces accurate prediction on band ordering, which is key to determining band inversion and hence the topological properties of materials 42 . For example, antimony lanthamide (LaSb) was identified by GGA to be a topological insulator, but experimentally it was found to be topologically trivial, in line with the mBJ prediction 50 . Thus, we further cross-check the GGA results by mBJ calculations 41 . The bandgaps reported here are converged with a precision of 1 meV with respect to all of the relevant parameters, in particular the size of the plane-wave basis set, the k-point sampling and other related parameters.
We follow the materials naming convention of the ICSD database, where the elements are arranged in alphabetical order. For instance, Na 3 Bi would be listed as BiNa 3 .
Data availability
All data that support the conclusions of this work can be required from the corresponding author upon reasonable request. All the structures of the topological materials and their electronic energy band plots can be found at ccmp.nju.edu.cn.
